The newly developed E test was compared with an extended 1% proportion dilution method for determining the susceptibility of Mycobacterium avium complex (MAC) strains to amikacin, streptomycin, fusidic acid, rifampicin, clarithromycin, ciprofloxacin, ofloxacin and fleroxacin. For all antibiotics tested except clarithromycin and ciprofloxacin, no more than one strain gave a different susceptibility result with the two methods. The discrepant results occurred near the chosen breakpoint concentration of clarithromycin and outside the concentration range of the E test for ciprofloxacin.
Introduction
Currently, strains of the M. aviurn complex (MAC) are the most commonly encountered mycobacteria isolated in most clinical laboratories [l] . This correlates with the increasing number of AIDS patients [2] . In contrast to M. tuberculosis susceptibility testing, results for MAC based on breakpoint testing methods, including the proportion method and the radiometric method with the BACTEC instrument, do not correlate well with clinical outcome [l] . Therefore, a simple method for the determination of minimum inhibitory concentrations (MICs) is required to investigate the relationship between in-vitro susceptibility testing and clinical outcome. The recently developed E test is a diffusion method of determining MICs which uses a plastic strip containing a pre-formed logarithmic gradient concentration of antimicrobial agent. For mycobacteria it has been evaluated only for the rapidly growing species M. fortuiturn and M. chelonae [3] . However, a recent study has suggested that it is also suitable for testing the slowly growing species M. kansasii [4] , and sharp inhibition zones have been shown to be produced after incubation for 2-3 weeks. The aim of this study was to investigate the suitability of E tests, in comparison with Received 20 March 1995; revised version accepted 9 Aug.
1995.
an extended 1% proportion dilution method [5] , for the determination of MICs of a range of agents for MAC.
Materials and methods

Strains
Twenty isolates of MAC cultured from different patients during 1993 were tested. They were identified by standard bacteriological culture methods [l] and confirmed by the AccuProbeTM nucleic acid hybridisation system (DPC Biermann GmbH, Germany). Reference strain ATCC 43216 was used for internal quality control.
Antibiotics and breakpoint concentrations
The following antibiotics were tested: amikacin (Bristol-Myers Squibb, Germany), streptomycin (Heyl, Germany), fusidic acid (Thomae, Germany), rifampicin (Griinenthal, Germany), clarithromycin (Abbott), ciprofloxacin (Bayer, Germany), ofloxacin (Hoechst, Germany) and fleroxacin (Hof€inann LaRoche, Switzerland). Antibiotic powders of defined activity were provided by the manufacturers of each agent. E test strips of fleroxacin were provided by Hoffmann LaRoche and ofloxacin strips by Hoechst. The other strips were purchased from Difco. The values for maximum achievable concentrations of the agents in serum vary in the literature [5-141. Based on these, the following MICs (mg/L) were chosen as breakpoints for susceptibility for both methods: amikacin 8, streptomycin 8, fusidic acid 64, rifampicin 32, clarithromycin 8, ciprofloxacin 8, ofloxacin 8 and fleroxacin 8.
Proportion dilution method
Amikacin, streptomycin, fusidic acid, rifampicin, clarithromycin, ciprofloxacin, ofloxacin and fleroxacin were dissolved in NaCl 0.85% solution. Rifampicin and clarithromycin were dissolved in small amounts of N,N-dimethylformamide (Merck, Germany) before the NaCl solution was added. The antibiotic solutions were added to Lowenstein-Jensen (L-J) medium. The standard proportion method for mycobacteria, with a single breakpoint concentration [5] , was extended to four concentrations to achieve a better comparison with the E test. The final concentrations (mg/L) were: 0.5, 2, 8 and 32 for streptomycin, clarithromycin, ciprofloxacin, olfoxacin and fleroxacin; 2, 8, 32 and 64 for amikacin and rifampicin; and 8, 32, 64 and 128 for fusidic acid. The L-J medium containing antibiotics (3.5 ml of mixturehbe) was coagulated in a slant position by heating at 85°C for 3040min. Tubes with L-J medium without antibiotics were used as growth controls.
The inoculum was prepared within a biological safety cabinet. Strains were cultured in liquid medium without Tween [15] for 1-2 weeks to achieve logarithmic growth, and this was then adjusted to give an OD560 of 0.15-0.2. The antibiotic-containing and control media were inoculated with c. 0.1 ml of a lo2 diluted suspension, corresponding to (1 X lo4)-(2 X lo4) cfu. Further control tubes were inoculated with lo3 and lo4 dilutions of the suspension to achieve control tubes with an easily countable number of colonies [5] . The tubes were incubated for 3 weeks in the dark at 37"C, the first week horizontally and the following 2 weeks vertically. They were examined for bacterial growth after incubation for 2 and 3 weeks.
The lowest concentration showing no bacterial growth, or <1% of the number of colonies present in the lo4 dilution control tube, was recorded as the MIC.
E test
Petri dishes, 9 cm in diameter, were filled with 30 ml of L-J medium. After coagulation of the medium they were pre-incubated at 37°C for 1 day to dry. The same inoculum was used for both the E test and the proportion method. Approximately 0.2 ml of the lo2 diluted suspension was applied with a pipette and spread over the surface of the medium with a sterile cotton swab. One E strip was placed on to each plate. The plates were sealed in plastic bags and incubated in the dark for 3 weeks at 37°C. The MIC was recorded as the value on the E strip at the intersection with the zone of inhibition of bacterial growth. If there was a difference between the place of intersection on the right and left side of the strip, the higher concentration was recorded as the MIC. The MIC was determined according to the instructions of the manufacturer, i.e., where growth was completely inhibited: isolated colonies within the ellipse, which were very rarely seen, were ignored.
Results
The E test produced sharp inhibition zones after incubation for 3 weeks enabling the MICs to be read easily (Fig. 1) . Some strains gave a result after incubation for 2 weeks with no change in the reading after 3 weeks. Double inhibition zones occurred in some cases with quinolones. In these cases the smaller inhibition zone was recorded. The MIC values obtained with the E test and the extended proportion dilution method are given in Table 1 . The majority of MICs were outside the concentration range tested in both methods, but where the MIC was within the tested range no more than two strains for each antibiotic gave discrepancies of more than one dilution step between the two methods. The qualitative susceptibility results from both tests (i.e. resistants versus susceptible), based on the chosen breakpoints, are given in Table 2 . For clarithromycin, three discrepant results occurred near the breakpoint concentration. Four discrepant results were detected for ciprofloxacin, three of these isolates had MICs outside the concentration range of the E test. For the other antibiotics, no more than one strain per antibiotic gave different susceptibility results with the two methods ( Table 2) .
Discussion
The E test was evaluated for its ability to determine MICs of a range of antibiotics for MAC isolates and the results were compared with those from an extended proportion method. The E test strips produced sharp inhibition zones after incubation for 2-3 weeks. This reflects a more stable concentration gradient than the common paper disk method. A concentration gradient induced by paper disks is only suitable for testing rapidly growing bacteria. Slowly growing MAC isolates need a more stable gradient for sharp inhibition zones, as provided by the E test. Therefore, the E test is suitable for the determination of MICs for MAC. A large number of tubes would be necessary for MIC determinations by the proportion method, which is usually performed at a single breakpoint concentration. MIC determination with the BACTEC instrument would similarly require a large number of bottles [16]. In addition, if liquid medium 12B is used with the BACTEC, MAC strains appear generally susceptible to the primary anti-tuberculosis drugs, with the exception of isoniazid. This is in contrast to conventional 
